[Detailed Description of the Invention] [JP10-090062] 
[0001] 

[Field of the Invention] This invention relates to the measuring method and equipment of 
protein concentration for measuring the concentration of the protein concentration in a liquid 
sample especially hemoglobin in blood, gamma globulin, and albumin. 
[0002] 

[Description of the Prior Art] As a method of analyzing blood etc. by clinical chemistry, a 
sedimentation test, a titrimetric method, a colorimetric assay method, An electrophoresis 
method, an ultracentrifugal method, the chromatography method, a luminescence atomic 
absorption method, an electrode method, a magnetic resonance method, etc. are known, and the 
method of adding and carrying out the colorimetry of a reagent or the pigment to the blood 
sample which collected blood from the living body is widely used in the analytical method which 
uses especially light. 

[0003]The hemoglobin which constitutes red corpuscles as protein which is the target of a such 
inspection, and gamma globulin in plasma, Albumin is important, hemoglobin concentration 
serves as determination data of anemia or the polycythemia, and, as for gamma globulin 
concentration, albumin concentration serves as judgment materials, such as liver cirrhosis, 
chronic liver disease, a proteinic ingestion obstacle, pregnancy, and breast-feeding, with regards 
to metabolic turnovers, such as immune systems, such as an antibody and complement, sugar, 
lipid, and a mineral. 
[0004] 

[Problem to be solved by the invention] However, when measuring protein concentration, such as 
hemoglobin, gamma globulin, and albumin, in the conventional clinical laboratory test, it is the 
invasion inspection which wounds a living body with a hypodermic needle or a scalpel at the 
time of 1 blood collecting, A little amounts of samples of that medicine addition etc. need to be 
pretreated for the extracted blood, that it takes time until a measurement result is obtained 
from 3 blood collecting, 4 blood, or a blood serum come out, and 2) A certain sake, SUBJECT, like 
that sufficient accuracy of measurement is not obtained and expense starts the disposal 
treatment of the container used for five inspections or a sample occurs. 

[0005]The purpose of this invention is to provide a measuring method and equipment of protein 
concentration which measure protein concentration in a liquid sample optically and with which 
highly precise measured value is obtained for a short time. 
[0006] 

[Means for solving problem]It is the method of measuring protein concentration by this 
invention's entering a near infrared ray into a liquid sample containing protein, and detecting 
intensity of the transmitted light or a reflected light, It is a measuring method of protein 
concentration computing protein concentration from total value of a value which measured an 
absorbance in at least three wave numbers, and amended each absorbance with a 
predetermined correction factor. Since protein concentration is computable only by measuring 
an absorbance in at least three wave numbers if this invention is followed, quick measurement 
is attained. The accuracy of measurement can be raised more by increasing a wave number 



point of spectrometry. Since there is no deterioration of a sample by measurement, and there is 
also little quantity of a sample and it moreover ends, including in the conventional clinical = 
laboratory test is easy. Application to non-invasion measurement which makes a test portion 
blood which flows into a blood vessel in some living bodies, for example, the limbs and a finger, 
and an earlobe as it is is expectable, 

[0007]This invention enters a near infrared ray into a liquid sample containing two or more 
sorts of protein, It is the method of measuring protein concentration by detecting intensity of the 
transmitted light or a reflected light, It is a measuring method of protein concentration 
computing concentration of each protein from total value of a value which measured an 
absorbance in at least three wave numbers corresponding for every protein, and amended each 
absorbance with a predetermined correction factor. Since two or more sorts of protein 
concentration is computable only by measuring an absorbance in at least three wave numbers in 
a short time if this invention is followed, quick measurement is attained. The accuracy of 
measurement can be raised more by increasing a wave number point of spectrometry. Since 
there is no deterioration of a sample, and there is also little quantity of a sample and it ends, 
including in the conventional clinical laboratory test is easy, and application to the above 
non-invasion measurement can also be expected. 

[0008]This invention enters a near infrared ray into the liquid sample containing hemoglobin, 
gamma globulin, and albumin, It is the method of measuring the concentration of each protein 
by detecting the intensity of the transmitted light or a reflected light, The wave number field of 
10000 {/cm)-7200 (/cm), the wave number field of 6600 (/cm)-5400 (/cm), And it is a measuring 
method of the protein concentration computing the concentration of each protein from the total 
value of the value which measured the absorbance in at least three wave numbers chosen from 
the wave number field of 4800 (/cm)-4200 (/cm), respectively, and amended each absorbance with 
the predetermined correction factor. If this invention is followed, the wave number field of 10000 
(/cm)-7200 (/cm), The wave number field of 6600 (/cm)-5400 (/cm), and the wave number field of 
4800 (/cm)-4200 (/cm), Only by the concentration change of hemoglobin, gamma globulin, and 
albumin being a field which appears notably, and measuring the absorbance in at least three 
wave numbers chosen from these wave number fields, respectively, Since each concentration of 
hemoglobin, gamma globulin, and albumin is computable in a short time, quick measurement is 
attained. The accuracy of measurement can be raised more by increasing the wave number 
point of spectrometry. Since there is no deterioration of a sample, and there is also little 
quantity of a sample and it ends, including in the conventional clinical laboratory test is easy, 
and the application to the above non-invasion measurement can also be expected. 
[0009]Equipment which measures each protein concentration by this invention's entering a near 
infrared ray into the liquid sample which contains hemoglobin, gamma globulin, and albumin 
characterized by comprising the following in the measuring device of protein concentration, and 
detecting the intensity of the transmitted light or a reflected light. 

The measuring beam generating means which generates the near infrared of at least three wave 
numbers chosen from the wave number field of 10000 (/cm)** 7200 (/cm), the wave number field of 
6600 (/cm)-5400 (/cm), and the wave number field of 4800 (/cm)-4200 (/cm), respectively. 



A euphotic means to detect the intensity of the transmitted light from a sample, or a reflected 
light. 

The calculating means which computes the concentration of each protein from the total value of 
the value which measured the absorbance corresponding to each wave number, and amended 
each absorbance with the predetermined correction factor. 

If this invention is followed, the wave number field of 10000 (/cm)-7200 (/cm), The wave number 
field of 6600 (/cm)-5400 (/cm), and the wave number field of 4800 (/cm)4200 (/cm), Only by the 
concentration change of hemoglobin, gamma globulin, and albumin being a field which appears 
notably, and measuring the absorbance in at least three wave numbers chosen from these wave 
number fields, respectively, Since each concentration of hemoglobin, gamma globulin, and 
albumin is computable in a short time, quick measurement is attained. The accuracy of 
measurement can be raised more by increasing the wave number point of spectrometry. Since 
there is no deterioration of a sample, and there is also little quantity of a sample and it ends, 
including in the conventional clinical laboratory test is easy, and the application to the above 
non-invasion measurement can also be expected, 
[0010] 

[Mode for carrying put the invention] Drawing 1 i s a block diagram showing one form of 
enforcement of this invention. A protein concentration measuring device receives the light 
source 1 which generates a near infrared ray, the wavelength selection filter 8, and the 
transmitted light from the liquid sample S, and comprises the electric eye 11 which outputs the 
signal according to light intensity, the arithmetic circuit 14 which calculates an output signal, 
etc, 

[001l]The light source 1 comprises a tungsten lamp, a semiconductor laser, etc., and generates 
the light having contained the light of at least three wave numbers which serve as a several 
points measured wave in a near infrared region. 

[0012]The wavelength selection filter 8 comprises the KUORUTSU wedges (crystal prism) 5 and 
6 of the light polarizer 3, the phase plate 4, a fixed side, and a movable side, and the light 
polarizer 7, when the KUORUTSU wedge 6 of a movable side slides a slant-face top, light path 
length changes and center of filter wavelength serves as variable. Especially, when the sample S 
is blood and measuring objects are hemoglobin, gamma globulin, and albumin, The light of at 
least three wave numbers chosen from the wave number field of 10000 (/cm)-7200 (/cm), the 
wave number field of 6600 (/crn)-5400 (/cm), and the wave number field of 4800 (/cm)-4200 (/cm), 
respectively is chosen as the measuring beam P. 

[0013]The liquid sample S is held at the container which consists of transparent materials, such 
as quartz, for example, and the light path length is about 1 mm, and is kept at same about 37 ** 
as body temperature. 

[0014]The electric eye 11 comprises material which has sensitivity in a near infrared ray, for 
example, PbS etc., and outputs the electrical signal according to the transmitted light intensity 
of the sample S. The AD (analog-to- digital) converter 13 changes the signal from the electric eye 
11 into a digital value. The arithmetic unit 14 comprises a personal computer etc., for example, 
incorporates the digital signal from A/D converter 13, performs predetermined data processing, 



and outputs a measurement result to output units, such as a display and a printer, 
[0015]Next, operation is explained. The light which came out of the light source 1 is changed 
into a parallel beam with the lens 2, and is changed into the measuring beam P of the narrow 
spectrum centering on selection wavelength by the wavelength selection filter 8. Light intensity 
changes according to the absorption spectrum of an ingredient in which the measuring beam P 
is contained in the sample S, and the absorbance according to selection wavelength is measured 
by the arithmetic unit 14 via the electric eye 11, the amplifier 12, and AfD converter 13. 
[0016]In this way, after the measurement using the measuring beam P of one wave number is 
completed, next the position of the KUORUTSU wedge 6 is adjusted, the center wavelength of a 
wavelength selection filter is changed, the measuring beam P of another wave number is 
generated, and same measurement is performed. In this invention, measurement about at least 
three wave numbers is performed in a near infrared region. 

[00 17] Although the above-mentioned composition showed the example which uses the 
wavelength selection filter 8, it is also possible to prepare two or more sources of single 
wavelength light which generate the light of three or more several points measured waves, and 
to omit the wavelength selection filter 8. Although the above-mentioned composition showed the 
example which detects transmitted light intensity, the composition which detects the reflected 
light intensity from a sample is also possible. 

[0018] Drawing 2 i s a graph which shows an example of the absorbance spectrum of the liquid 
sample containing protein, A vertical axis is an absorbance, a horizontal axis is a wave number 
(reciprocal of wavelength), and the right direction is a long wavelength side to which a wave 
number becomes small. The liquid sample to which various protein concentration was changed 
was prepared, and it has measured about the wave number field of 10000 (/cm)-4000 (/cm). 
[00 19] Here, the wave number field A is the 1st harmonic overtone of stretching vibration of OH 
combination of a water molecule, the ranges of it are 1440 nm ■ 1450 nm (69447cm - 68967cm), 
and the absorbance is increasing it. The wave number field B is the combination tone of the 
stretching vibration and deformation vibration of OH combination of a water molecule, it is the 
range of 1930 nm - 1940 nm (51817cm - 51547cm), and the absorbance is over the measurement 
range. Since the influence of the water in a sample is great, these wave number fields A and B 
are excepted from spectrometry. 

[0020] So, in the case of the density measurement of protein concentration especially hemoglobin, 
gamma globulin, and albumin. It is preferred to choose a measure point from the wave number 
field I of 10000 (/cm)-7200 (/cm), the wave number field H of 6600 (/cm)-540G (/cm), and the wave 
number field III of 4800 (/cm) 4200 (/cm). 

[002 1] Next, a measurement principle is explained. In the wave number field I, a total of three 
measure points of the wave number gamma are chosen in the wave number beta and the wave 
number field III in the wave number alpha and the wave number field II, and absorbance 
Aalpha corresponding to each point, Abeta, and A gamma are measured about the sample of a 
certain protein concentration K using the equipment shown in drawing 1 . Then, the protein 
concentration K can be expressed with the following formula (l) which used the three constants 
x, y, and z. 



[0022] 

K=x-Aalpha+y-Abeta+z-Agamma ~ (l) 

Next, the case where the protein concentration K changes is considered. Change of the protein 
concentration K will change the constant x, y, and z for a while along with it. For example, when 
albumin concentration changes at one (g/dl) step in 1.0 (g/dl)-8.0 (g/dl), a total of eight formulas 
are materialized about the concentration K1K8. 
[0023] 

Kl=x 1, Aalpha 1+y 1 , andAbeta 1+z 1 . Agamma 1K2=x2 5 Aalpha2+y 2, 

andAbeta2+z2.Agamma2K3=x3, Aalpha3+y3, andAbeta3+z3.Agamma3K4=x4, Aalpha4+y4, 
ancLAbeta4+z4.Agamma4K5=x5, Aalpha5+y5, andAbeta5+z5Agamma5K6=x6andAalpha6. + y6 
and Abeta6+z6.Agamma6K7=x7, Aalpha7-f-y7, and Abeta7+z7.Agamma7K8=x8, Aalpha8+y8, 
and Abeta8+z8.Agamma8 " at this time, if each constants xl-x8, yl-y8, zl - z8 approximate with 
the almost same constant value, xl=x2= ~ =x8=X, yl=y2= - =y8=Y, zl=z2= It sets with =z8=Z 
and is rewritten by the following formula (2). 
[0024] 

[Mathematical formula l] 
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[0025]Here, since the constant X, Y, and Z is (variation of albumin concentration)/(variation of 
an absorbance), beforehand exact measurement is possible and it is possible to memorize to the 
arithmetic unit 14 as a database. 

[0026] Next, the concentration Kx can be determined by measuring the absorbance Aalphax in 
each wave number alpha, beta, and gamma, Abetax, and Agammax about a sample with the 
unknown albumin concentration Kx. 

[0027]Next, an example is explained. As a measure point, the wave number alpha= 7632 (/cm) 
(wavelength of 1310 nm), the wave number beta= 6456 (/cm) (wavelength of 1480 nm), and the 
wave number gamma= 4584 (/cm) (wavelength of 2180 nm) are chosen, and when it calculates 
based on prior measurement, the following result is obtained, 

[0028]The hemoglobin concentration KH was expressed with the following formula (3), and has 
attained correlation coefficient =0,8852 compared with the conventional colorimetric assay 
method. 
[0029] 

KH=0.535xAalpha+0.415xAbeta+0.675xAgamma (3) 

Gamma globulin concentration KG was expressed with the following formula (4), and has 



attained correlation coefficient =0.9811 compared with the conventional colorimetric assay 

method. 

[0030] 

KG=0.108xAalpha+0.017xAbeta+0.045xAgamma - (4) 

The albumin concentration KA was expressed with the following formula (5), and has attained 
correlation coefficient =0.9764 compared with the conventional colorimetric assay method. 
[0031] 

KA=0.082xAalpha-0.042xAbeta-0.005xAgamma -- (5) 

Although the example which uses three several points measured waves here was explained, it is 
possible by increasing a measure point further to raise the accuracy of measurement. Although 
the example which uses the wave number point same about each protein was shown, it is also 
possible to measure so that a part of wave number points may all differ for every protein. 
[0032]Next, a concrete measurement result is explained. 

[0033] Drawing 3 is a graph which shows the near-infrared spectrum of a standard sample 
without protein. A vertical axis is an absorbance (arbitrary unit) and the right direction of a 
horizontal axis is a long wavelength side in a wave number (/cm). The phosphate buffer solution 
is used as a standard sample. 

[0034]When a graph is seen, the peak by the vibration spectrum of a water molecule has 
appeared in the wave number 6900 (/cm) neighborhood and the wave number 5150 (/cm) 
neighborhood, and it turns out near [ these ] a wave number that protein density measurement 
is difficult, 

[0035l Drawing 4 is a graph which shows the near-infrared spectrum of the sample to which 
hemoglobin concentration was changed. A vertical axis is an absorbance (arbitrary unit) and a 
horizontal axis is a wave number (/cm). The sample to which concentration 8.0 (g/dl)"20.0 (g/dl) 
was changed at 1.0 (g/dl) step in the phosphate buffer solution, and the sample of concentration 
25.0 (g/dl) are being used for a sample. 

[0036]When a graph is seen, the absorbance is also increasing according to the increase in 
hemoglobin concentration, and it turns out that it has appeared notably in fields other than the 
absorption peak of a water molecule especially. 

[0037] Drawing 5 is a graph which shows the near-infrared spectrum of the sample to which 
gamma globulin concentration was changed. A vertical axis is an absorbance (arbitrary unit) 
and a horizontal axis is a wave number (/cm). The sample to which concentration 1.0 (g/dl)l0.0 
(g/dl) was changed at 1.0 (g/dl) step in the phosphate buffer solution is being used for a sample. 
[0038]If a graph is seen, and gamma globulin concentration increases, the absorbance will also 
increase little by little, but compared with the hemoglobin shown in drawing 4, it turns out that 
the rate of an increase is small. 

[0039] Drawing 6 is a graph which shows the near-infrared spectrum of the sample to which 
albumin concentration was changed, A vertical axis is an absorbance (arbitrary unit) and a 
horizontal axis is a wave number (/cm). The sample to which concentration 1.0 (g/dl)-8.0 (g/dl) 
was changed at 1.0 (g/dl) step in the phosphate buffer solution is being used for a sample. 
[0040]When a graph is seen, in the wave number field of 10000 (l cm)-7200 (l cm), it turns out 



that an absorbance seldom changes even if albumin concentration increases. 
[0041] Drawing 7 i s the graph which carried out partial expansion of the absorption spectrum of 
the hemoglobin shown in drawing 4 , and shows the wave number field of 4200 (/cm)-4900 (/cm). 
In the graph below drawing 7 . the horizontal-axis left shows by the long wavelength side. 
[0042]When a graph is seen, the absorbance variation by a concentration change has appeared 
greatly in the 4500 (/cm) neighborhood, and it turns out that it is preferred to choose a several 
points measured wave in 4400 (/cm)-4700 (/cm). 

[Q043] Drawing 8 i s the graph which carried out partial expansion of the absorption spectrum of 
the hemoglobin shown in drawing 4 , and shows the wave number field of 5400 (/cm)^7200 (/cm). 
[0044]If a graph is seen, an absorbance variation by a concentration change will have appeared 
greatly in the 6000 (/cm) neighborhood and the 6900 (/cm) neighborhood, It turns out that it is 
preferred to choose a several points measured wave the range of 5700 (/cm)-6400 (/cm) and in 
6800 (/cm>7000 (/cm), 

[0045] Drawing 9 i s the graph which carried out partial expansion of the absorption spectrum of 
hemoglobin shown in drawing 4 . and shows a wave number field of 7200 (/cm)"10000 (/cm). 
[0046]When a graph is seen, an absorbance variation by a concentration change has appeared 
greatly in 7300 (/cm)~10000 (/cm), and it turns out that it is preferred to choose a several points 
measured wave in this range. 

[Q047] Drawing 10 i s a graph which shows a result of having conducted the multivariate analysis 
of the absorption spectrum of hemoglobin. A vertical axis is a point estimate by a multivariate 
analysis, a horizontal axis is the true value acquired by a measuring method of this invention, 
and correlation coefficient =0,99482 is obtained. 

[0048]Thus, it turns out that a measuring method concerning this invention has attained 
accuracy equivalent to the conventional multivariate- analysis technique. 

[Q049] Drawing 11 is the graph which carried out partial expansion of the absorption spectrum of 
gamma globulin shown in drawing 5 , and shows a wave number field of 4000 (/cm)-4800 (/cm), 
[0050]When a graph is seen, an absorbance variation by a concentration change has appeared in 
the 4500 (/cm) neighborhood, and it turns out that it is preferred to choose a several points 
measured wave in 4400 (/cm)-4700 (/cm). 

[005l] Drawing 12 i s the graph which carried out partial expansion of the absorption spectrum of 
gamma globulin shown in drawing 5 , and shows a wave number field of 5500 (/cm)~6600 (/cm). 
[0052]When a graph is seen, the absorbance variation by a concentration change has appeared 
in the 6000 (/cm) neighborhood, and it turns out that it is preferred to choose a several points 
measured wave in 5500 (/cm)-6300 (/cm). 

[0053] Drawing 13 i s the graph which carried out partial expansion of the absorption spectrum of 
the gamma globulin shown in drawing 5 , and shows the wave number field of 7200 (/cm)- 10000 
(/cm). 

[0054]When a graph is seen, the absorbance variation by a concentration change has appeared 
greatly in 7300 (/cm)- 10000 (/cm), and it turns out that it is preferred to choose a several points 
measured wave in this range. 

[Q055] Drawing 14 is a graph which shows the result of having conducted the multivariate 



analysis of the absorption spectrum of gamma globulin. A vertical iaxis is a point estimate by a 
multivariate analysis, a horizontal axis is the true value acquired by the measuring method of 
this invention, and correlation coefficient -0.97833 is obtained. 

[0056]ThuS, it turns out that the measuring method concerning this invention has attained 
accuracy equivalent to the conventional multivariate-analysis technique. 

[0057] Drawing 15 i s the graph which carried out partial expansion of the absorption spectrum of 
the albumin shown in drawing 6, and shows the wave number field of 4200 (/cm)-4800 (/cm). 
[0058]When a graph is seen, the absorbance variation by a concentration change has appeared 
in the 4500 (/cm) neighborhood, and it turns out that it is preferred to choose a several points 
measured wave in 4400 (/cm)-4700 (/cm). 

[0059] Drawing 16 is the graph which carried but partial expansion of the absorption spectrum of 
the albumin shown in drawing 6 . and shows the wave number field of 5400 (/cm)-6000 (/cm). 
[0060]When a graph is seen, an absorbance variation by a concentration change has appeared in 
5400 (/cm) -5 700 (/cm), and it turns out that it is preferred to choose a several points measured 
wave in this range. 

[006l] Drawing 17 i s the graph which carried out partial expansion of the absorption spectrum of 
albumin shown in drawing 6 , and shows a wave number field of 6000 (/cm)-7800 (Jem). 
[0062] When a graph is seen, an absorbance variation by a concentration change has appeared in 
the 6900 (/cm) neighborhood, and it turns out that it is preferred to choose a several points 
measured wave in 6600 (/cm)-7100 (/cm). 

[Q063] Drawing 18 is a graph which shows a result of having conducted the multivariate analysis 
of the absorption spectrum of albumin. A vertical axis is a point estimate by a multivariate 
analysis, a horizontal axis is the true value acquired by a measuring method of this invention, 
and correlation coefficient =0.99761 is obtained. 

[0064] Thus, it turns out that a measuring method concerning this invention has attained 

accuracy equivalent to the conventional multivariate analysis technique. 

[0065] 

[Effect of the Invention] Since protein concentration, such as hemoglobin, gamma globulin, and 
albumin, is computable only by measuring the absorbance in at least three wave numbers 
according to this invention as explained in full detail above, quick measurement is attained. The 
accuracy of measurement can be raised more by increasing the wave number point of 
spectrometry. 

[00 66] Since there is no deterioration of the sample by measurement, and there is also little 
quantity of a sample and it moreover ends, including in the conventional clinical laboratory test 
is easy. The application to the non-invasion measurement which makes a test portion blood 
which flows into the blood vessel in some Hving bodies, for example, the limbs arid a: finger, and 
an earlobe as it is is expectable. 
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If IS¥ 1 0-9 00 6 2 

4 

[0.0 10] .,. 

ra©f£S£©ffi2i] Hi «\ ^iK©^©-^ii* 

ss«s 1 1 t,' mafi#*OTt.sMMii8} 1 4 ^ e 

Tstjsns.-,;.,., 

[0 0 1 1] jhhi '& ^y^xxv^y^^^b 

[0 0 12] &mmR7J /I/* 8 (4. <i3£? 3 feffi^ 

XA) 5, 6, S)re7T«£tU m»fflj6^*;l/'y 
^ x y 3? 6 )&«i§X7^ Ff.S C fc J: oTMSSSS 

s s t, mara/we tr y - '9. 

nV'J >*J;lf7;l/y5yT?feS*&fcl4 N 1 0 0 0 0 
(/cm) -7 200 (/cm) ©J^Slfl^L 6 6 0 0 
(/cm) -5 4 00 (/cm) ©j^SH^ fe«fctf4 

8 0 0 (/c m) -4 2 0 0 (/cm) ©SSffi«#& 

[0 0 13] mmmtiiz. rct^£^m<Dmmum 

..*»64*«»ft:«S9*StU ^©^SSSfifci^t^l mm 

[ooi 4] 'a*»i i n aas5«ifc«ie*^r*tt 
■ afeasc'ft«»fli«*ia*-r»i ad {t+uVtv* 

[0015] Mm^^xmmir^ %m\t^m 
% p c»«n*. m&t p t±.. s fc^itis^ 

©«x^^ h;l/fc*Si;T^^WtU -:3bttBi' 

K MSI 2. AD^MBl 3«SALt90f«n'l 

[o oi6] lt i -xDmsKDfflfetiPzm^rcm 
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[ 0 0 17] ^ ±!5«^i?ti^S3iK7 -r 8 * 
MfflT&M^bTctf, 3 oJBthoaiJ^iiSftsK-i'y h© 

jwsz'mtszzmm-e&z* tut, jtsaaai? 

[ o o i s 3 m 2 its m&n%$t$mfamn<Dw.ytmx 
it? v ?w>-m**& 7T*&z>„ wmmytm-?$> 

MtftttfiifflJtli'T, 1 0 0 0 0 (/cra)~4 0 00 
(/cm) ?)itMt*Tl£UTV^o 
[0 0 1 9] tCT, ?^^Ati7j<^O0-H^a- 
©#SJi!lr^Hg^TS?)> 1440nm~1450ri 
m (6 9 4 4/ cm— 6 8 9 6/citt) ®EIT% W£ 

e^jta ltvSo b m<&&> 0 - hm^-© 

K = x • A a + y • A 0 + z 

ftf*o fet>t.lfT;]/75^iSgjbM. 0 (g/d 1) 
~8. 0 (g/d 1) ©fBHTl (g/d 1 ) Tv-r-yT" 
T?SfliL;fe*&; HSK 1 ~K 8fcOV'vctf8O0S# 

[0 0 2 31 

K 1 = x I • Aa 1+y 1 
K2 = x 2 • Aa 2 + y 2 
K 3 = x 3 • A a 3 : + y 3 
K4 = x 4 • A a 4 + y 4 



*WMmh£WkMW}<D&&g i r*&\), 1 9 3 0 rim— 1 
9 4 0nm (5 18 l/cm~5 1 5 4/cm) OiSffl 

[0020] m&nmm, 

{*, 1 0 0 0 0 (/cm) -7 2 00 (/cm) OiSt 
«BS I\ 6 6 0 0 (/cm) -5 4 0 0 (/cm) ©^ 
10 $mmi K ££#4 800 (/cm) -4 2 00 (/ 

cm) ©iSIS^Jge i i i jEp-6j«3£#^> h*ssre: 

[0 0 2 13 wzMMmmic-o^xmrnirs* mmw 
i K^Twakcis--mm* 1 1 fc^TSsaipv-«tt 

WW I I I £43iAT W y ©A- 3 o<?)$!l5£*V :> h £H 
M^fcov^T^Y y h icMJSf A o\ A 0 , 

a y : *jft&r«-.-~'rs fcv s&x&ftKi* 3 -oo^s 

xv y / z ( 1 ) Tmt C fcj^Tf #S. 

20 [0 0 2 2] 



Ay : r 
K 5 — x 5 
K6 = x 6 
K 7 = x 7 
K 8 = x 8 



A a 5 + y 5 • 
A a 6 + y 6 • 
Ac 7 + y 7 « 
A a 8 + y 8 • 
x 1 —x 8, 



• (1) 

Aj5 5 + z 5 
A jS 6 + z 6 
A /? 7 + z 7 
A /3 8 + z 8 

y i ~y 8, 



• Ay 5 
•A y 6 

•Ay 7 i! 

• A y 8 

z l - z 8'& 



A/3 1 -Hz 1 • A y 1 
A/3 2 + z 2 • A y 2 
A/3 3 + z 3 • A y 3 



30 



is^iHjc-^ffitja^-rs x i = x 2 =-= x 8 = 

X, y 1 =y2=-=y8 = Y; z 1 - z 2 = -=z 8 
= Zii*V^Tv^ (2) (CftM&inSo 
[0 0 2 43 

■ 



• A£ 
K 1 
K 2 
K3 
K4 
K5 
K 6 
K7 
K8 



4 + z 4 • A y 4 * 

A a 1 A/8 1 

A Of 2 A/92 

Aa 3 A/9 3 

A a 4 A iS 4 

Aa 5 AjS 5 

Aa 6 A/9 6 

A a 7 A/9 7 

Aa 8 A/5 8 



Ar 1 
Ar 2 
Ar 3 
Ar 4 

Ar 5 
A T 6 
Ar 7 
Ar 8 



X 



<2> 



[0 0 2 53 £ £T> /£HtX\ Y, Z tt (7;V75^ 

E©^fb«) / (^^So^itfi) if* 

e 1 4 tcfBn lt4b< t. a tfipim-?& §c 
[ o o 2 6 3 $£$ftrc>r;i>73 >iiSK x ^jf : ott^ 

fcOV-^T, ^ISCa, j3, y (C^lj-§PR-)'djSA ax, A 
^ x , A y x '%jM^T% c tEioT, ifiRx 
"TS<l£^t*t§ 0 ■■■■■■■■■■■ 50 



[002 7] ^fc^-WJ^WTSo M^-ry h t L 
Tx-Sa»« = 7 6 32 (/cm) (}feS 1 3 1 0 n 
m) , &%IP = 6 4 5 6 (/cm) Q&Al 4 8 O n 
m) \ l&Wy = 4 5 8 4 (/cm) (jfeg2 1 8 On 
m) ^SKLT, Wm<0MfelcMr3\,^WrW i>Tc t c « 

[002 83 ^^oe^SlMkHli^e <3) TSS 
tl, ^*©itfe?£fcJ±^T|@M«=0. 8 8 5-2«S 
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KH = 0. 535xAa + 0. 



y-s?u7 y ymmx. g wstes u) t^n, 

i£fe&£]±^Ttg|15^=0. 9 8 1 l£3i$LT^ * 

KG = 0. 1 0 8XA0 + O. 

T;^5>iigKAti^ (5) TfSStU fi&fcOttfe 
ttfctttT«m*ft= 0 . 9 7 6 4 **ft'LTV»*. * 

KA = 0. 08 2XAa-0. 

[0 0 3 2] ^fc^ftwsai^ijssjcov-'Tfffia-rso-- 
[o o 3 3] H3t±, 9embofimiO]&^^' 

fit) Z*m, WmtmSL (/cm) T^tfSi&gliT? 



* [00 2 9] 

4 1 5XAJ5 + 0. 

[0 0 3 0] 

0 1 7 XA j8 + 0. 

★ [0 0 3 1] 



6 7 5 XA y 



0 4 5 X A y 



(3) 



(4) 



O42XA0-O. 00 5xAy 



[0 0 3 4] ^77^^ i£$5[6 9 0 0 (/cm) 
ttfttmLS 15 0 (/cm) ,«5ST?*5}^<6fflftX^ 

[o o 3 5] ®4 a, ^^pvr^iga^^tstirfcis 
(ffiUMO «MtaHR.c/cm).Ta&*o. 

Kfttt* 'J :/B«*fc*^T»fc8..'. o (g/d 1 ) 
-2 0. o (g/d l) *i. o (g/d l) Wm'^ 

T?»fc**feimfc, lis 2 5. o (g/d n oscs 

[0 0 3 6] ?77^1Sil> ^^DeyjgJgiDtiSP 

[0 0 3 7] m 5 (4 % y —?u7V yjiB^ffifbS-frfe 
Jfl* (ffi£¥ffi) T'&tK SMUttSaS.C/cm) 
1) ~1 0. 0 (g/d I) *1. 0 (g/d 1) Xf 
[003 8] ^77^15 fc, y -**o7y >»fijS#» 

[0039] 06l3\ 7 7 ;l/^5>«fi*Sfl:*'&fetSfi- 

y ymmmtss^Tmrn i . o < g / d i ) ~ 



(5) 

(g/d n 



8. 0 (g/d 1) £1.0 

[0 0 4 0] ^77%S§i:, 1 0 0 0 0 (1 cm) ~ 

7200 (i cm) ommmzvii, 7)]/7*ym&tf 

[0 0 4 1 ] 0 7 0 4 fc^f^^n e >"iD^fRX 
^>>l/«WM^Lft^97'Tf*9, 4 2 0 0 (/c 
m) ~4 90 0 (/cm) 'oaSrtStt^^fo ' .0 

[0 0 4 2] ^7#jlSi:, 4 5 00 (/cm) 

T?.»fiSEffcfc £«9tiHEftbE&'£ < EtrfiTfc b , 4 

4 00 (/cm) -4 7 00 (/cm) (DffiWVWfM 

[0 0 4 3] 08&, 04tc^T^^ne^&&X 
^h;V«as»*fc*:L'fc^'7"P»5, 5 4 0 0 (/c 
m) ~ 7 2 0 0 (/cm) OmKWib^r. 

[0 0 4 4] 4^7*jiSfc, 6 00 0 (/cm) ifi'fif 
*itf6 900 (/cm) jSfiST?»a3gfhKj;«!R3fca 
30 ^ft*W<^nTfeD. 5 7 00 (/cm) ~6 4 
0 0 (/cm) ©ISHfe«fctf6 8 0 0 (/cm) ~7 0 

oo (/cm) <ommvmmsk&(yh%wsttz<D 

[0 0 4 5] 09!4, m4K7K?'\ : £$'u\ZyoMl&X 
^ WV£^M*L7c^7T&9, 7 2 0 0 (/c 
m) - 1 0 0 0 0 (/cm) ©^^fe^To 

[004 6] ^7^m«t, 7 300 (/cm) ~1 

oooo (/cm) ©iiB^iifi^fctAsgsbtfiaEfl: 

[0 0 4 7] 01 0(4, ^^Plf>£0^lKX^^f;V 

195nftKin?* t) ^ ffiM^= 0 . 9 9 4 8 2)b*f§5 
[004 8] C <D jt ^ K*^fo^5il^7j^t4, 

-So 

[0 0 4 9] 01 1&, 0 5 (t^-r 7-^07" 'J 
50 l|KX^b;^g|5^te7CLfe^7TStl, 4 00 0 
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(/cm) -4 80 0 (/cm) ©jfiRffiWfc^fo 
[0 0 5 0] ^77^I5i:, 4 5 00 (/cm) Jfi^ 

TmmmtK <t § n^s^t^^nT^ 4400 

(/cm) -4 7 0 0 (/cm) ©fSHT*?!}£igi£^ 

[0 0 5 1 ] 0 1 2 a, 0 5 fc^T y -^nyj >o® 
IRX^ h;V£g^M*Lfc^7T*fe^ 5 5 0 0 
(/cm) -6 6 0 0 (/cm) OSBCWeigst. 
[0 0 5 2] 77~7tk%%£. 6 000 (/cm) 

^ais^kKAsijyfcasfbs^tinT**), 5500 10 

(/ c m) - 6 3 0 0 (/ c m) aWtfttEttfttf'i' 
[0053] 013 1±, 125 fc^f y - : ^ft'7U>'©ft 

i&x^ h;^«V5HfcA:U&^77*ftt), 7 2 oo 

(/cm) -1 0 0 0 0 (/ c m) <Dffl&ffi8,*mt« 
[0 0 5 4] '^ymts 7 3 00 (/cm) -1 
0 00 0 (/cm) 0«ffl7ifta3E<kK:J;5!R31fifflEffc 

[0 0 5 5] 01 Alt, y -^P7U XOfiR^i' b 20 

T*f# 5 tlfc JMTCS t) s fflKHSft= 0 . 9 7 8 3 3 t>m 
[0 0 5 6] £(0<fe5^*^fc^SiJ^^i; 

[0 0 5 7] 0 1 5 t*V 0 6 T;K/5 :>©KiKX 
>i*^ftm± L ft ^ 7 T*S D , 4 200 (/c 
m) -4 8 0 0 (/cm) OaaSS^^'To 30 

[0 0 5 8] ^77^I«tr4 500 (/cm) 
T?«fi@Eftfc <fc ZWiftg^fctmbftTld Q , 4 4 0 0 

(/cm) -4 7 0 0 (/cm) ©IHfflT»ai5£S8fcJ?>f 

[0059311 6 06loS1-7;V7*5^©?&l&X 
*9hJl/%&ftmzU1k'??7T*3b*), : 5 4 0 0 (/c 
m)~6000 (/cm) OiSSfflttfcjjVro 

[006 0] 5 4 00 (/cm) -5 

7 0 0 (/cm) ©ISHT-ilgMtk: <fc 3 ffltfESSflStf 

3afctLT*5>K c©«H7iijQ8gR*-iryh«Hitr* 40 

[006 l] 01 7 tt, 0 6 Kttc?T)V7X yoMUx 
*Vr > iWfSaifc*; Lfc^ 7T'$ 5, 6000 (/ c 
m) -7 8 0 0 (/cm) ©J^^^fc 

[0 0 6 2] ^77^t, 69 00 (/cm) j£$ 

?mmmtfc&%®.%m : g.iktfmbnT&*), 6 6 o o 

(/cm) -7 100 (/cm) ©«HT?ast8S3lU 
[0 0 6 3] 01 8(4, 7)Vy^y(DmU7,^h?^ 
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5tlfc*Hirc* t) > ®mW&= 0 . 9 9 7 6 1 
[0 0 6 4] C©J:dfc*^SK:ffiaaOS^riS^ ■«* 

[0 0 6 5] 

fct,3o©isg»-e©»3tjs*S!i^t'«^T? v ^ve 
y-^wv^fcffr^T^y&^se 

[o o 6 6] wmc&z>um<Dmmm<, l 

wM3z.-ztmmn&&* £#©-&, 
ei^e ^?t4^ojiieic:»ti«jii»t**osatiis 

[0®©^#&j&$] 

[0 i ] *«flio^a©-^a6*^-r»^H-p*s.-- 
[02] m&n^tsmimm<Dm^m^^v;v<D- 

[03] S^LOWIfflQiS^^^ 
[04] ?'n e vj^^fb^-yrfcM^©ja^x 
[0 5 ] y -^U7'J V»fc£fc*Hi^tt#©iSSfl. 
[0 6 ] ;r;V7^ ^MH^**felWoiSiSij1.X'? 
[07] 04{^-r^ ; t^nif/©^il5iX^^b;l/^a5 
[08] 04{c^1--Nt^ne>©^tKX^^ h;l/^gp 

[09] mAiz^?^?u\zz/<omL7^2Yfritn 

[010] ^^aify©M.x^^ h;l/%^MM#T 

[01 1] 05fc^y-^n7yy©©I&X^h;l/ 
[0 1 2 ] 0 5 fcj^f y -^"n7*U /©!&iKX^ b /U 
[013] 05£St-y-^P7*y^©eMx^b;l/ 

[0 r 4] y -pufv y<oWE7*^z bfr%&mmM 

[015] 06 tcmTTfrys. y<DWMX^>7 b 
[0 16] 06 ir.7^rT)W^y<DWSL7,^ V 
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[El 8] T^y^ycD^iKX-^^h^^S^L 

i 3\aa * 



1 1 : 
1 2 UNHfll 
13 AD 

14; 



[02] 



6 if 





[03] 




9000 S000 7000 6000 5000 

89S ( cm"' ) 



(9) ftmM 0-900 6 2 



[H6] 




10000 8000 6000 4001 

aaR'(cm-)" 



[07] 




ilfeffc ( cm- 1 ) 



(10) 



WM¥ 10-90062 



[08] 




ttft (cm-) 




(11) 



# M¥ 10-90062 



[HI 0] 




■i i i i i i i i i i 1 

* a 10 12 14 1*5 18 20 22 24 2« 



Regression Coefficient - 0,99482 




1000 1080 11 «0 1210 -(320 1100 1180 1RS0 1S10 1720 1800 



Wt'fcm- 1 ) 



(12) 



IfffiPF 1 0-90062 



[012] 




(cm-') 




i&^fc ( c m" 1 ) 



(13) 



10-90062 



m 1 4] 




tjron oa lues 
R*gre**l<jr* Coefficient = 0.97833 



imi s] 




4200 42*0 4320 4380 4410 1500 1560 1620 1$8Q 1710 1800 



(14) 



WH¥1 0-9 0 06 2 



[116] 




5940 6O00 



[HI 7] 

I-*T : : : : 




«S0OO 6200 6100 «W> 6WW 7000 7200 7400 7<S00 



» (cm"') 



(15) 



Wlffl 5 ? 1 0-9 0 0 6 2 




~i i i i i j i j j 

2-^ 3,2 -».o *.e s.<s 6.1 7.2 a.o 

true values 

fie^r^asion Coefficient - u.ya/ai 



